We report here the dipole moment (p) and first hyperpolarizability (p) determined by electric field-induced second harmonic generation, for several merocyanine dyes containing an 1,3,3-trimethyIindoline heterocycle as a 'donor' in which the 'acceptor' end of the molecule and the polyene bridge length was systematically varied; dyes with hexamethine bridges gave positive p, while that with a dimethine bridge gave a negative p value.
We have hypothesized that the ground-state polarization and bond length alternation (BLA) (i.e. the difference between average length of carbon-carbon double and single bonds in a polymethine chain) are useful parameters to consider when establishing structure-property relationships for nonlinear optical (NLO) molecules.1-3 Electric field dependent calculations on Me2N-(CH=CH)4-CH0 show that with increasing applied electric field the geometry of the molecule changes from the neutral polyene structure (BLA k -0.12 A) on the left in Fig. 1 , to a polar cyanine-like structure (BLA = 0 A) and to a highly polar zwitterionic polyene structure (BLA ca. 0.05 A).3 Also, as the value of BLA changes from negative to positive, the ground-state dipole moment, p, increases and, at the same time, the first molecular hyperpolarizability , p, 
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We have undertaken a study of merocyanines containing various end groups and bridge lengths to test the generality of the types of curves shown in Fig. 1 and to develop useful molecules for electro-optic poled polymer applications. Here we report results from an electric field induced second harmonic generation (EFISH)9 study to determine p on a series of compounds where we varied the acceptor strength and the bridge length while maintaining the donor (an indoline heterocycle) constant (Fig. 2) . In this manner, we were able to tune the extent of ground-state polarization (and BLA) of our molecules. The syntheses of the merocyanines 1-3 were performed using published procedures10 and compounds 4-6 were prepared in manner analogous to that for 3. The compounds were purified by recrystallization and then characterized by UV-VIS, 1H and selective 1D-TOCSY nuclear magnetic resonance (NMR) and mass spectrometry, as well as elemental analysis.? p Values were measured in chloroform solution by EFISH, using 1.907 pm fundamental radiation.5.9 EFISH measurements at 1.064 pm for compounds 1-3, measured in Me2SO were reported earlier, but since the second harmonic signal was extremely close in energy to that of dominant electronic absorption for the compounds the results are difficult to interpret.10 Table 1 shows the measured values of the optical absorption maximum (hmax), the molar extinction coefficient ( E ) , the dipole moment (p), f3, the zero frequency form of p [P(O)] corrected for dispersion using the two-state model11 and the dot product of p and p (p$) all measured in chloroform. Since the trimethylindoline moiety is a relatively weak heterocyclic donor, merocyanines 3-6 do not have exceptionally large dipole moments that are characteristic of zwitterionic compounds. These results suggest that they have negative BLA and are therefore consistent with the observed positive p values. From previous studies we can rank the relative strength of the acceptors for compounds in Table 1 as follows:
1,3-diethylthiobarbituric acid = 3-phenyl-5-isoxazolone > 1,3-diethylbarbituric acid > 1,3-indanedione .12 Thus, molecules 3-6 have an unusual inverse acceptor strength-hyperpolarizability relationship, suggesting that molecules in this study are on the part of the BLA curve where p is decreasing towards zero (which occurs at the BLA = 0 A, cyanine limit).
For example, 6, with the weakest acceptor, 1,3-indanedione, has the smallest p and the largest 0, whereas 3 and 5 with the strongest acceptors, 1,3-diethyIthiobarbituric acid and 3-phenyl-5-isoxazolone have the largest p and the smallest p.
The BLA for polymethine bridge of 6 was obtained from the X-ray crystal structure (Fig. 3) . Although it should be noted that the BLA in the moderately polar solvent for 6 may differ from that in the solid state due to the potentially strong internal fields in the crystal, the observed BLA of -0.037 & is close to the predicted BLA (0.04-0.05 A) where p is maxirnized.4
Since less work is required to separate charge over a shorter distance, for a given donor acceptor pair, it is expected that decreasing the length of the molecules will lead to a more zwitterionic structure, i.e. to more positive BLA. Thus, by decreasing the polyene bridge length from six methines for 3 to four methines for 2, p is expected to decrease both because of the decreased length, but also because the shorter molecule may have a BLA very close to the cyanine limit at which p is ca. 0. Accordingly, it is not surprising that p(0) for 2 is more than a factor of four lower than that for 3. Furthermore for compound 1, with a two methine bridge the molecule is polarized to a point where the zwitterionic form dominates, i.e. BLA is positive, and as a result 1 has a negative p value.
To summarize, by systematically varying the acceptor group while maintaining a fixed donor and by shortening the bridge length of merocyanine molecules, we were able to map out the region of the p curves in close proximity to the cyanine limit.
Efforts are under way to synthesize merocyanines with stronger donor groups to induce larger ground state dipole moments and achieve the largest negative p values for six, four and two methine bridges.
The 
